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Simulation in Nanomaterials Design - 
Opportunities: 
1.  Nano-building blocks 
>  Systems: Nanotubes, quantum dots, nanoclusters, thin films, biomolecules, ... 
>  Problems: Structure, growth 
2.  Complex Nanostructures and Nano-interfaces 
>  Interplay between nanostructures 
>  Surface/Interface-derived properties 
>  (Self) assembly, manipulation 
3.  Properties and function 
>  Spectroscopies, transport properties, dynamics 
>  Interpretation of experimental data  AND  prediction of behaviour 
>  Unravel the relation between structure and function 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Simulation in Nanomaterials Design - 
Current Status: 
1.  Impressive advance in solving the challenges:   
>  Models / Algorithms / Approximations 
2.  Simulation is ubiquitous in nanoscience research. 
>  To a large extent, it has substituted ‘traditional’ Theory, due to its capacity to give 
quantitative (not just qualitative) answers to each specific system 
>  A large community of groups specialized in simulations in nanomaterials 
>  Many experimental groups do simulations to understand and complement their 
experiments. 
3.  Huge improvement in computer power 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Simulation in Nanomaterials Design - 
Challenges: 
1.  Length and Time scales:  from atomic to macroscopic: 
>  Electronic information with ‘chemical accuracy’ 
>  Large-scale (often macroscopic) environment that fixes boundary conditions 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in 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- 
Challenges: 
1.  Length and Time scales:  from atomic to macroscopic: 
>  Electronic information with ‘chemical accuracy’ 
>  Large-scale (often macroscopic) environment that fixes boundary conditions 
2.  Accurate description of transport properties (out of equilibrium) 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Simulation in Nanomaterials Design - 
Challenges: 
1.  Length and Time scales:  from atomic to macroscopic: 
>  Electronic information with ‘chemical accuracy’ 
>  Large-scale (often macroscopic) environment that fixes boundary conditions 
2.  Accurate description of transport properties (out of equilibrium) 
3.  Accurate optical properties (characterization / device function) 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Simulation in Nanomaterials Design 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Challenges: 
1.  Length and Time scales:  from atomic to macroscopic: 
>  Electronic information with ‘chemical accuracy’ 
>  Large-scale (often macroscopic) environment that fixes boundary conditions 
2.  Accurate description of transport properties (out of equilibrium) 
3.  Accurate optical properties 
4.  Soft matter: biomolecules, organic nanostructures, “wet systems” 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Simulation in Nanomaterials Design - 
Challenges: 
1.  Length and Time scales:  from atomic to macroscopic: 
>  Electronic information with ‘chemical accuracy’ 
>  Large-scale (often macroscopic) environment that fixes boundary conditions 
2.  Accurate description of transport properties (out of equilibrium) 
3.  Accurate optical properties 
4.  Soft matter: biomolecules, organic nanostructures, “wet systems” 
5.  Full quantum-mechanical effects: coherence/decoherence (quantum 
computing, spintronics). 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Computing Power 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Supercomputing: 
1988: Gordon Bell Prize:        0.001 Tflop/s 
2001: Gordon Bell Prize:      11 Tflop/s 
2005: Top500:                    136 Tflop/s 
2010: Top500:                  1105 Tflop/s 
[1 Tflop/s = 1012 floating point operations/second] 
6 ORDERS OF MAGNITUDE INCREASE IN 22 YEARS !! 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New Supercomputing Paradigm: 
Large Scientific Infrastructures 
Massively Parallel Computing 
>  Limit of processor complexity 
(design, dissipation, ...) 
>  Multiprocessor architectures  
>  Large infrastructures (many nodes 
and fast interconnects) 
Example: MareNostrum 
Barcelona Supercomputing Center 
>  10240 Processors    
>  94 TFlop/s 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Large Scientific Infrastructures 
OPPORTUNITY.... 
and CHALLENGE!!:  
Computer codes that take advance of massively parallel  platforms 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Conclusions: 
Simulation has become a key tool to understand nanomaterials 
The prospects for future development are extraordinary. 
Necessity to deploy a policy for the development of High-Performance 
Computing, not only at the Hardware level, but also with strong support 
for efficient Software development 
                        Thank you! 
SIMULATION   -     Pablo Ordejón   -    GENNESYS Congress, 27 – May – 2010  
